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In response to the health concerns of Gulf War veterans, the
Department of Defense instituted the Comprehensive Clinical
Evaluation Program (CCEP). Although not designed as a re-
search study, the CCEP provided valuable clinical data. An
analysis was conducted of CCEP findings from systematic and
comprehensive examinations of 20,000 U.S. Gulf War veterans.
Among 20,000 participants, the types of primary and second-
ary diagnoses varied widely. Also, among veterans with an
ICD-9-CM diagnosis of “symptoms, signs, and ill-defined con-
ditions,” no single subcategory of illness predominated, and
no characteristic physical sign or laboratory abnormality was
identified. In total, there were 74 (0.4%) cases of connective
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tissue disease; 52 (0.3%) noncutaneous malignancies; 42
(0.2%) peripheral neuropathies; 14 (0.07%) cases of interstitial
pulmonary fibrosis; 12 {0.06%) cases of renal insufficiency;
and no new cases of viscerotropic leishmaniasis. No clinical
indication of a new or unique illness was identified in this
self-referred population, and the types of physiologic disease
that could result from postulated hazardous wartime expo-
sures were uncommon. :

Introduction

D uring the 6 years since the end of the Persian Gulf War on
February 28, 1991, some veterans of Operations Desert
Shield and Desert Storm have presented with a diversity of unex-
plained somatic symptoms. The most commonly reported symp- ,
toms have been fatigue, headache, joint pains, skin rash. short-
ness of breath, sleep disturbances, difficulty concentrating, and
forgetfulness.'* There have been published medical reports of
similar symptoms among British and Canadian Gulf War veterans
but not among other coalition troops or local inhabitants of Saudi
Arabia and Kuwait.*-®

To date, no single cause of these somatic symptoms has
been demonstrated.”!! However, various potential-etiologies
related to the Gulf War experience have been postulated,
including: (1) possible exposure to chemical weapons (CW)
and biological weapons (BW);®-1%-12-14 (2) use of pyridostig-
mine bromide pills for CW protection;”#® (3) exposure to
sand and oil well fire smoke;®'® (4) exposure to pesticides,
insect repellents, and other chemicals used in military
deployments;®!*!7-1® (5) anthrax and botulinum vaccina-
tions;”™® (6) infectious diseases, particularly viscerotropic
leishmaniasis:'® (7) depleted uranium exposure;”® and (8)
psychological stress,!!-40-23 ' '

In response to the health concerns of Gulf War veterans, the
Department of Defense (DoD) instituted the Comprehensive
Clinical Evaluation Program (CCEP) on June 7, 1994. The CCEP
was a continuation of prior DoD medical care of Gulf War vet-
erans and screening for new or unusual illnesses but provided a
more systematic evaluation strategy. Although not designed as a
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research study, the CCEP nevertheless provided valuable clini-
cal informatior: about the health of this population. The follow-
ing report is an analysis of the findings from comprehensive
clinical evaluations of 20.000 Persian Gulf War veterans.

Methods
Background

Starting on August 8. 1990, the United States deploved
697.000 troops to the Persian Gulf region.® In contrast to pre-
vious U.S. conlflicts, a larger proportion of troops belonged to the
Reserves/National Guard (17%) and were women (7%). Despite
the harsh environment and intense preparations for war,2* mor-
bidity rates among U.S. troops were lower than in previous
conflicts,®2>26 and mortality rates were very low.?’

By May 1991, most U.S. troops had returned from the Persian
Gulf. Troops who remained on active duty after the war were
provided complete health care through the Military Health Ser-
vices System, which provides medical care for all active duty
personnel and other eligible DoD beneficiaries. In addition. the
physical condition of active duty U.S. troops is assessed contin-
uously with physical fitness tests every 6 to 12 months, routine
dental and gynecological examinations, and a complete medical
examination at least every 3 years. Prior to leaving active duty,
military personnel are medically screened and undergo a phys-
ical examination.

CCEP Organization

The CCEP was developed to provide a systematic and uniform
medical evaluation at 184 military health care facilities located
in 39 states, 8 foreign countries. and 2 territories. To institute
the CCEP. numerous organizational meetings were held with
senior medical officials from all military services: health care
officials of the Department of Veterans Affairs (VA) were con-
sulted to ensure that the CCEP and the VA Persian Gulf Heaith
Registry collected comparable data: and four instructional
meetings were held with military health care personnel on CCEP
procedures and to provide clinical and research information
related to Gulf War health questions. A special committee of the
Institute of Medicine independently reviewed and monitored the
CCEP process, including the design and implementation of the
program and interpretation of preliminary findings.?®

Through vigorous outreach efforts, the 285,000 Persian Gulf
War veterans still on active duty when the CCEP was initiated
were encouraged to participate if they had any health questions
or concerns; a current health problem was not necessary for
participation. Also eligible were military retirees, Reserve/Na-
tional Guard personnel on full-time active duty or on special
- orders, and civilian DoD employees who were veterans of the

Persian Gulf deployment. Family members of qualified Gulf War
veterans were eligible for CCEP evaluation but were not included
in this analysis. -
Eligible veterans could enroll in the CCEP either by calling a
 toll-free telephone number or by contacting their nearest mili-
tary medical treatment facility (MTF). Gulf War veterans not
eligible for a CCEP examination were referred to the VA Persian
Gulf Health Registry for evaluation.

Clinical Evaluation -

The CCEP provided a two-phase clinical evaluation super-
vised by a board-certified physician in either family practice or
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internal medicine.?® All CCEP participants were provided a
Phase [ examination, which was conducted at the local MTF and
consisted of a thorough clinical examination and a standardized
provider-administered questionnaire. All participants were
asked about: (1) medical and family histories; (2) symptoms: (3)
number of days of work lost due to illness during the 90 days
prior to examination: and (4) any self-perceived exposure in the
Persian Gulf to among the following: petroleum products, pyri-
dostigmine bromide pills. oil well fire smoke, insect repellents,
anthrax and botulinum vaccinations, combat casualties, and
actual combat. In addition. the following laboratory tests were
performed: a complete blood count, urinalysis, and blood chem-
istries for electrolytes, glucose, creatinine, blood urea nitrogen,
and transaminase levels.

For CCEP participants without current medical problems or
who had heaith problems that could be satisfactorily explained
after the Phase [ evaluation, no additional evaluation was con-.
ducted. Other CCEP participants proceeded to further Phase Il
examination at one of 14 DoD regional medical centers. if refer-
ral consultations and specialized tests were clinically indicated,
to diagnose the patient’s condition. Phase II participants were
administered the Structured Clinical Interview for DSM-II[-R®
and the Clinician Administered PTSD Scale.®! Additionally,
Phase II participants had a purified protein derivative skin test
and chest X-ray, and a blood sample was analyzed for the fol-
lowing: sedimentation rate, C-reactive protein, rheumatoid fac-
tor, fluorescent antinuclear antibodies, thyroid function, B12 -

and folate levels, creatine phosphokinase level, HIV-I antibody,

hepatitis B surface antigen, and reagin antibody.?®

At the conclusion of the CCEP evaluation process. examining
physicians provided a primary diagnosis and additional second-
ary diagnoses based on clinical importance. After review by
accredited medical record coders, up to seven diagnoses were
coded using the International Classification of Diseases-Ninth
Revision. Clinical Modification (ICD-9-CM) and entered into the
data base.? An extensive quality-control process was instituted
to ensure uniform evaluation, accurate data collection, and data
base validity.?® L

Results

As of April 1, 1996. a total of 20,000 Persian Gulf War veter-
ans had completed CCEP examinations. with 12% of partici-
pants undergoing specialized Phase Il evaluations. Compared to
all U.S. Gulf War veterans, the CCEP included a higher propor-
tion of women. older veterans. nonwhite racial/ethnic groups,
and Army personnel (Table I).

The types of primary and secondary diagnoses among CCEP

~ participants varied widely (Table II). A total of 1,263 separate
- ICD-9-CM codes were needed to categorize primary diagnoses. .

Of the 1.263 separate codes used. 41% were applicable to only a
single CCEP participant. Relatively frequent primary diagnoses
(shared by 25 or more veterans) were distributed among 114
different ICD-9-CM codes. ' '

For broad ICD-9-CM classifications, the three most common
primary diagnoses were “diseases of the musculoskeletal sys-
tem and connective tissue” in 18.6%. “mental disorders” in
18.3%, and “symptoms, signs, and ill-defined conditions” in
17.8% of participants (Table II). Nine percent of participants
were found to be “healthy,” without a clinically significant new
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TABLE |

COMPARISON OF DEMOGRAPHIC CHARACTERISTICS BETWEEN
20.000 CCEP PARTICIPANTS AND ALL U. S. PERSIAN GULF

WAR VETERANS
Percent with Characteristic i
CCEP All Gulf War ;
Participants?® Veterans ’
Characteristic (n = 20.000) (n = 697.000) :
Gender i
Male 88 93 i
Female 12 7 i
Age in vears® A
17-25 32 35 i
26-30 : 24 20 ;
31-35 23 12 l
36-65 21 13 !
Race/ethnicity !
White 57 70 !
African-American ‘ 32 23 i
Hispanic 5 5 '
Other 6 2 !
Rank . o
Enlisted 92 90 '
Officer ) 8 10 |
Military branch !
Army : 82 50 %
Navy 4 23 i
Marines . 4 15 !
Air Force 9 12 i
Military status i
Active duty 84 83 :
Reserves/National Guard 8 17 f
Civilians 8 - :

“Among CCEP participants. valid data were not available for 3% of

rank. 2% of age. and 1% of military branch entries.

PAge was calculated as of August 1990. The mean age of CCEP
participants was 28 vears (median 30 years) compared to a mean age
of 27 vears {median 25 years) for all Gulf War veterans.

illness. The most common specific diagnoses among patients
with a primary diagnosis of a musculoskeletal disease were
“pain in joint” (31%), “osteoarthrosis and allied disorders™(12%),
and “lumbago” and “backache, unspecified” (11%). Among vet-
erans with a primary diagnosis of “mental disorders,” 19% had
“tension headache.” 17% “depressive disorder not elsewhere
classified.” 15% “prolonged post-traumatic stress disorder”
(PTSD), 8% “major depresswe disorder, single episode,” and 7%
. “adjustment reaction.”

Among the 3.558 participants thh a primary diagnosxs of
“symptoms, signs, and ill-defined conditions.” no single ICD-
9-CM subcategory predominated (Table III). These 3.558 veter-
ans had a wide variety of symptoms, with fatigue. headache.
memory problems, and sleep disturbances being the most fre-
quent presenting complaints (Table IV). Symptoms were re-
ported to have begun more than 6 months after returning from
the Persian Gulf by 51% of the 1,026 veterans in this category
who indicated a date of onset. Veterans with this primary diag-
nosis did not have a characteristic sign of disease (including
skin rash and fever) or a consistent laboratory abnormality.
Also, no distinctive pattern of illness was evident among CCEP
participants with this ICD-9-CM code as a secondary diagnosis
(Table III).
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There were a number of age. gender. and military service
trends among broad primary diagnostic classifications. Mental
disorders and a diagnosis of “healthy” were more common
among vounger CCEP participants (Table V). Musculoskeletal
conditions were diagnosed more often in older participants (Ta-
ble V). males (19% compared to 16% among females). and U.S.
Army personnel (19% compared to 16% among other services).
Women were more likely to be diagnosed with genitourinary
problems than men (3% vs. 1%. respectively]. Eighty percent of
CCEP participants reported not missing any days of work during
the 90 days prior to examination.

Among all 20.000 CCEP participants. 74 (0.4%) had a con-
nective tissue disease as either a primary or secondary diagno-
sis: 33 rheumatoid arthritis, 13 systemic lupus erythematosus.
13 Sjogren’s syndrome, 10 mixed or undifferentiated connective
tissue disease, 3 systemic sclerosis. and 2 dermatomyositis.
Disorders of immunity were diagnosed in 5 participants with
selective immunoglobulin A immunodeficiency and one with
selective immunoglobulin M immunodeficiency. There were 9
(0.05%) patients who had skin cancers. 22 (0.1%) lvmphoma/
leukemia, and 30 (0.15%) other types of cancer. Glomerulone-
phritis was diagnosed in 13 (0.07%) CCEP participants and
renal insufficiency in another .12 patients. Fourteen (0. 07%)
participants had interstitial pulmonary fibrosis.

Polyneuropathy or peripheral neuropathy was diagnosed in 8.
and 34 (0.2%) veterans, respectively. A common or distinctive .
organic pathology was not identified among over 800 veterans
with neuromuscular symptoms who had extensive neuropsy-
chological evaluations. These evaluations included nerve con
duction studies and electromyography on 300 participants®3
and intensive electrophysiological studies (including single-fiber
electromyography and muscle blop51es] on 20 veterans with
severe fatigue. weakness, or myalgias.*

Common skin infections accounted for 60% of primary infec-
tious disease diagnoses (Table II). Four CCEP participants with-
out characteristic clinical signs of Q fever had minimally ele-
vated serologic titers to Coxiella bumetii. There were no
confirmed cases of brucellosis, and no new case of viscerotropic
leishmaniasis was diagnosed in addition to the 12 previously
identified cases.

All elicited exposures were reported frequently, including: ex-
posure to diesel and other fuels (88%); use of pyridostigmine
bromide pills (74%); exposure to oil well fire smoke (71%); per-
sonal use of insect repellents {66%); anthrax (49%) and botuli-
num (26%) vaccinations; and observing combat casualties (57%)

- or actual combat (38%). Independent records were not available

to assess self-reported exposures except for botulinum vaccina-
tion. which was known to have been given to about 1.1% of
troops. mostly in select front-line units. In the broad ICD-9-CM
diagnostic categories. there were no major differences in the
percentage of CCEP participants reporting various exposures. -

Discussion

This large patient series demonstrated a wide range of well-
known illnesses among Persian Gulf War veterans requesting
evaluation, with no single illness predominating and no clinical
indication of a new or unique syndrome. In addition, the types of
medical conditions that would result from postulated Gulf War
environmental hazards were diagnosed infrequently. including:
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TABLE I
FREQUENCY OF PRIMARY AND SECONDARY DIAGNOSES BY BROAD ICD-9-CM CATEGORIES AMONG 20.000 CCEP PARTICIPANTS

Primary Secondary

Category ICD-9-CM Code Diagnosts Diagnoses
Diseases of the musculoskeletal system and connective tissue 710-739 18.6 29.5
" Mental disorders : 290-319 18.3 17.9
Symptoms, signs. ill-defined conditions 780-799 17.8 32.6
Diseases of the respiratory system 460-519 6.8 10.8
Diseases of skin and subcutaneous tissue 680-709 6.3 13.7
Diseases of the digestive system 520-579 6.2 14.1
Diseases of nervous system and sense organs 320-389 5.8 12.3
Infectious and parasitic diseases 001-139 2.6 6.4
Diseases of the circulatory system 390459 2.2 5.9
Endocrine, nutritional, and metabolic diseases. and tmmunity disorders 240-279 2.1 6.1
Diseases of the genitourinary system 580-629 1.3 4.2
[njury and poisoning .. 800-999 0.8 2.4
Neoplasms - 140-239 0.8 2.1
Diseases of the blood and blood-forming organs ) 280-289 0.6 2.6
Congenital anomalies; certain conditions originating in the perinatal period 740-779 0.2 0.9

TABLE I -

FREQUENCY OF SPECIFIC DIAGNOSTIC SUBCATEGORIES AMO

CCEP PARTICIPANTS WITH PRIMARY OR SECONDARY DIAG

NG NOSES OF
“SYMPTOMS. SIGNS, AND ILL-DEFINED CONDITIONS" {ICD-9-CM CODE 780-799)
ICD-9-CM Percent (number) with Primary Percent (number) with Secondary
Diagnostic Subcategory Code Diagnosis (n = 3,558) Diagnosis (n = 9,254)%
Malaise and fatigue 780.7/780.71 26.6 (948)° 17.9(1.656)
Sleep disturbances 780.50/52/57 17.6 (627) 14.2 (1.310)
Headache 784.0 14.7 (524) 14.5 (1.342)
Other general symptoms 780.9 10.3 (366) 13.0 (1.200)
Dyspnea and respiratory abnormalities 786.09/786.52 5.7 (204) 7.3 (676)
:  Symptoms involving skin 782.0/782.1 4.8 (171) 5.3 (487}
i Syncope/convulsions/dizziness 780.2/3/4 2.9(102) 1.9(175)
Chest pain 786.50/786.59 2.1(75) 2.0(189)
Nonspecific reaction to tuberculin test 795.5 1.3 (47) 3.3 (309)
Abdominal pain 789.0 1.3 (48) © 1.5(135)
i Cough 786.2 1.1(38) 0.9(80)
i Other subcategories - 11.5 (408) 18.3 (1,695)

99.254 secondary diagnoses in the category of *S
~ P297 with chronic fatigue and 651 with fatigue not specified as chronic.

neurologic disease from possible CW or pesticide exposure, in-
terstitial pulmonary disease from smoke or sand inhalation,
renal disease from heavy metal exposure, and immunologic dvs-
function from various combinations of exposures.

These findings are consistent with medical surveillance data
collected during the Persian Gulf deployment, which indicated
that the overall health of U.S. troops was very good:®27 serious
illness due to pyridostigmine bromide or smoke inhalation
was uncommon:35-37 and clusters of acute disease compati-
ble with either pesticide intoxication or a CW/BW attack were
not diagnosed.8-9-38 Also, the absence of clinical data indicat-
ing a new or unique illness is consistent with the findings of
three previous review panels that did not identify a distinctive
syndrome related to Persian Guif service.”3!!

A relatively large percentage of CCEP participants did have a
psvchological condition as either a primary (18%) or secondary
(18%) diagnosis. This finding was not unexpected because tran-
sient and mild psychological conditions are common in out-patient
populations.® and studies of military veterans repeatedly have
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ymptoms. Signs. and 1ll-Defined Conditions” amon

g 6.517 tndividual CCEP participants.

demonstrated that adjustment reaction and PTSD are prevalent
following life-threatening wartime experiences.**~*2 Prior studies
additionally have found that the types of physical symptoms, sleep
problems, and cognitive difficulties experienced by some Gulf War
veterans are frequent manifestations of psychological stress re-
lated to war+2-%5 and other traumatic events.56.57

Also expected among CCEP participants was a large number
of musculoskeletal conditions, because this was predominantly
an active duty military population that constantly is undergoing
physically demanding training.>® The increased risk of genito-
urinary problems among female veterans has been found in
prior studies of U.S. military populations.5®

The third common diagnostic category, “symptoms, signs.
and ill-defined conditions,” did not appear to represent a group
of veterans with a distinctive illness. CCEP participants in this
diagnostic category varied substantially in clinical presentation,
and no characteristic physical sign or laboratory abnormality
was identified. The ICD-9-CM category “symptoms. signs. and
ill-defined conditions” is not a classification of a mystery ill-
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TABLE IV
THE MOST FREQUENT SYMPTOMS AMONG 3.558 CCEP

. PARTICIPANTS WITH A PRIMARY DIAGNOSIS OF “SYMPTOMS. SIGNS.

AND ILL-DEFINED CONDITIONS" (ICD-9-CM CODE 780-799)

é 4 Percent Reporting Symptom® ‘

’ ) Chief Any |

! Symptoms Complaint Complaint |

i Fatigue ' 20.0 59.0

i Headache 9.2 44.4
Memory problems . 6.3 40.3
Sleep disturbances 4.7 39.8
Skin rash ’ 4.4 30.2 i
Joint pain 4.2 47.0
Dyspnea 1.8 19.2
Cough : 1.3 1.3
Abdominal pain 1.2 16.83
Muscle pain 08 21.8
Difficulty concentrating 0.6 31.2
Back pain 0.6 0.6
Dizziness 0.6 0.6
Diarrhea 0.5 18.4
Hair loss 0.1 12.6 .
Weight loss 0.2 6.9
Bleeding gums 0.1 8.5 :
Depression 0.3 22.3 ;
Other symptoms 173 21.4 i

“Svmptoms without a designation of a chief complaint were recorded
for 914 (26%) participants.

ness.*? This diverse category contains more than 160 subclas-
sifications and mainly consists of: ill-defined. often common
conditions not coded elsewhere (such as nervousness): isolated
laboratory abnormalities (such as “nonspecific reaction to tu-
berculin test”): and common symptoms without a clear physio-

“logic or psychologic basis. The somatic symptoms specifically

coded in this classification—insomnia. fatigue/malaise, head-
ache. dvspnea, palpitations, heartburn—are reported very fre-
quently in general population®® and outpatient clinic
surveys.®'"® These symptoms, although genuine and some-
times the cause of substantial morbidity, often lack a physical
explanation or are related to psychological factors.63-68

These clinical findings have to be carefully qualified by the
fact that the CCEP was not designed as a research study: par-

ticipants were self-selected and physically qualified for active

military duty several years after the Persian Gulf War, and no
control group was available for comparison of illness rates. In

addition. arare or minimally pathogenic illness could have been
missed?® or not adequately captured in the data base because of
diagnostic weaknesses of the ICD-9-CM coding system. Never-
theless, any widespread. serious physiologic disease should
have been detected in this very large patient series. It also is
unlikely that debilitating disease would remain undetected
among active duty troops not participating in the CCEP because
of the military's emphasis on readiness and preventive medi-
c¢ine. with regular physical evaluations of troops.

Because the CCEP primarily invoived active duty troops. an
illness that predominated among Reserve/National Guard per-
sonnel or veterans who had been discharged from the military
would have been under-represented in the CCEP population.
However, no new or unique illness has been identified in the VA
Persian Gulf Health Registry. which primarily includes Reserve/
National Guard personnel and discharged troops.®®° Together,
the DoD and VA registry programs have evaluated more than
13% of all U.S. Persian Gulf War veterans for illnesses poten-
tially related to Persian Gulf service.

Although a new or unique illness was not identified, the find-
ings of the CCEP nevertheless provide important clinical infor-
mation. In the evaluation of Persian Gulf War veterans, physi-
cians will need to be alert for a wide range of illnesses because
the diversity of medical and psychological problems that occur
in any sizable adult population was found in this cohort. In
addition: the findings of the CCEP provide reassurance for Per-
sian Gulf veterans since effective treatments are available for
most commonly diagnosed health problems.

Inability in this and prior clinical evaluations to find a char-
acteristic organic sign of a new or unique disease among Persian
Gulf veterans will result in research limitations not encountered
in studies of well-characterized diseases.'**7° Most impor-
tantly, a specific case-definition based on criteria that can be
objectively measured cannot be developed without a character-
istic sign of pathology. Any definition of illness will have to be
based on self-reported symptoms, which are subject to con-
founding and recall bias in a population that has been the focus
of widespread publicity about possible harmful exposures and
ill health.”*7® In addition, because of wartime conditions, there
are limited records available to quantitate potentially hazardous
exposures.3?

Although there are methodological limitations in conducting
studies of a possible disease related to the Gulf War, studies of
well-characterized disorders can provide vital information about
the health of Gulf War veterans. Preliminary research results

¢
TABLE V
'AGE TRENDS FOR BROAD PRIMARY ICD-9-CM DIAGNOSTIC CATEGORIES AMONG 20,000 CCEP PARTICIPANTS?
. 1CD-9- Percent with Diagnosis by Age Range in Years®

Diagnostic Category CM Code 17-20 21-25 .- 26-30 31-35 : >35
Mental disorders (non-PTSD) 290-319 18 16, 15 ‘ 15 14
PTSD 309.81, 4 3 3 2 3
[ll-defined conditions 780-799 16 18 18 18 18
Musculoskeletal diseases 710-739 15 17 .18 21 20
Other ICD-9-CM categories - 35 35 36 36 38
“Healthy” - 13 11 10 8 7

“Ages are as of August 1990. '
bValid age data were not available for 422 (2.1%) participants.
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indicate that this population has normal pulmonary function.”
has not experienced higher mortality or hospitalization rates
from medical causes,’8.79 and has not had higher overall rates of
birth defects among its children.8%8! Several studies indicate
that Gulf War veterans have experienced increased levels of
psychological stress,?°~23-82-88 yjth hetween 5 and 16% of sur-
veyed veterans having symptoms of PTSD,20-34-86

Six years after the Persian Gulf War, veterans' health ques-
tons remain unresolved because the causes, frequency, and
long-term sequelae of nonspecific somatic symptoms are not
adequately understood.®*#"®! Because symptoms of fatigue,
headache, joint pain, and insomnia are experienced by all adult
populations, it is difficult to determine when these symptoms
represent transient conditions or are manifestations of either
occult organic or psychologic illness.*°-°® Even when somatic
symptoms appear to constitute a distinctive syndrome, such as
chronic fatigue syndrome and fibromyalgia. specific case-defi-
nitions have not been developed and etiologic factors remain
undetermined despite more than a decade of intensive investi-
gation.® Until the nature of nonspecific symptoms and illnesses
such as chronic fatigue syndrome is better understood. it will
not be possible to thoroughly determine the health of any large
population, whether military or civilian.%3
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Iniroductory Note

As part of CIA’s and DoD’s continued work to support US Government
efforts related to the issue of Gulf war veterans’ illnesses, this paper high-

lights the joint CIA-DoD efforts to model the release of chemical warfare

agents from the Khamlsryah pit. This modeling exercise has been a joint
effort, with significant coordination among multiple agencies and hundreds
of people, with expertlse ranging from upper atmospheric conditions to soil
characteristics. Since 21'J uly 1997 we have provided many briefings to Sec-
retary Cohen and the Joint Chiefs, DCI Tenet, Senator Rudman, the staff of
the National Securlty Councnl the Presidential Advrsory Committee, Con-
gressional staffers, representanves from veterans’ organizations, and the
media. This report is our effort to. make this information as widely available
as possrble
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Figure 1
Khamisiyah Storage Site, Iraq
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Modeling the Chemical
‘Warfare Agent Release at
the Khamisiyah Pit

Background

In September 1995, CIA analysts identified
Khamisiyah as a key site that needed to be mvesu-
gated because of its proximity to Coalition fox_'ces_ and
the ambiguities surrounding the disposition of chemi-
cal weapons at the site; CIA informed DoD of its ﬁnd-
ings. On 10 March 1996, a CIA analyst heard a tape of
a radio show in which a veteran described bunker
demolition at a facility the analyst 1mmed1ately recog-
nized as Khamisiyah. He informed DoD the next
morning and the PAC later that week. This identifica-
tion prompted further investigation of the site, includ-
ing discussions with UNSCOM.

In May 1996, Iraq told UNSCOM mspectors that US
troops had destroyed chemical weapons in the pit near
the Khamisiyah depot. After receiving details from
UNSCOM in June, DoD was able to interview.sol-
diers who confirmed the demolition of 122-mm rock-
ets in the pit. We discussed this at the PAC meetmo in
Chlcago in July 1996.

The 'PAC and NSC staff directed CIA to have one of
its contractors model multiple chemical warfare agent
releases. Modeling is the science and art of usmg
interconnected mathematical equations to predict the
activities of an actual event, in this case the direction
and extent of the chemical warfare agent plume. Mod-
eling is necessary because we do not know. what the

‘plume actually did. In such cases, modeling uses -

obtainable data—the number of rockets, weather and
so forth—to develop a best estimate of the extent of
potential exposure. Our modeling efforts apply state-
of-the-art atmospheric models, which consist of -
global-scale meteorological modeling of observa—
tional data; detailed regional meteorological modeling
using regional and global-scale observations and glo-
bal-scale model calculations; and transport and diffu-
sion models simulating the contaminant transport’ -
based on the flow and turbulence fields generated by
the regional model.

We quickly realized that modeling the pit presented
far greater challenges than modeling Bunker 73 at
Khamisiyah and other releases. We were able to
model the events at Al Muthanna, Muhammidiyat,
and Bunker 73 largely because we had test data from
the 1960s indicating how chemical warfare agents
react and release when structures in which they were
stored were bombed or detonated. However, when we
began to model the pit, we had significant uncertain-.
ties regarding how rockets with chemical warheads

* would be affected by open-pit demolition. It became

clear by October that, without testing the demolition
in the open, these uncertainties would remain.

We informed the PAC in November of last year and
March of this year, that the proximity of US troops
and the prevailing winds at the time of the event iden-
tified the associated chemical warfare agent release as
a priority for further study. However, we also noted
that we had significant uncertainties in attempting to
characterize the event: .

» Very limited and often contradictory information

_ from two soldiers.
* Questions on the date(s) of demolition.

» Uncertainties on the number of rockets, agent purity,
and amount of agent aerosolized.

» Uncertainty on agent reaction in an open-pit demoli-
tion.

o Limited weather data.

» No single model that runs weather and chemical
warfare agent data simultaneously.

" These uncertainties required a more intense study to

determine the potential hazard area. DoD and CIA
undertook an extensive effort to characterize as



Figure 3 .
Predemolition Photo of Pit Area Near Khamisiyah
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indicated that in the first stack he set as many as four
charges on each rocket—two on both the warhead and
booster. That would have required more charges than
were available. Because different soldiers used differ-
ent methods on different stacks. we must assess that
the placement of charges varied by stack.

IDA Panel Provided Meteorological Expertise

The uncertainties mentioned earlier brought modeiing
etforts to a halt. Former Députy Secretary of Defense
John White and former Director of Central Intelli-
gence John Deutch asked the Institute for Defense
Analvsns to host a panel of experts to review the previ-
ous modeling attempts at the pit and to make recom-
mendations for proceeding. The IDA panel consisted
mostly of meteorological experts. Their expertise
*"served as the basis for important recommendations
regarding the meteorological aspects of modeling the
pit release.
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Refining the Modeling Input Parameters

Number of Rockets in Pit Exceed Iraqi
Declarations

Although the Iraqis declared to UNSCOM in May
1996 that 1,100 rockets were in the pit, we assess that
the number was somewhat higher. The Iragts indicated
that 1,100 of the 2,160 rockets declared to have been
at Khamisiyah were moved trom Bunker 73 to the pit.
Recent Iraqi press reports suggest that the pit con-
tained roughly one-half of the 2.160 rockets moved to
Khamisiyah (or about 1.080 rockets). However, based
on the size of the crates, the varying heights of the
stacks, and soldier testimonies, our best estimate of
the number of rockets in the pit is 1.250. We derived
an upper boundof 1,400 rockets by including uncer-
tainty in stack width, using tight edge-to-edge pack-
ing, and assuming all stacks were the same height as
the tallest-of the 13.

n
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accurately as possible the demolition activities at the
pit as well as the subsequent dispersion of the agent.
This involved the aggressive analysis of any thread of
information related to the noted uncertainities, as well
as the formation and coordination of a technical work-
ing group consisting of modelers from the participat-
ing agencies in order to xdenmy the extent of the -
release.

Reducing General Uncertainties

Interviews With Veterans Invaluable

Working with DoD’s Investigation Analysis Division,
we have been able to locate and jointly interview five
soldiers involved in or claiming to have been involved
in the pit demolition—three more than in October of
last year. We believe this constitutes at least half of -
those involved at the time. The participants provnded
key information addressing our uncertainties, includ-
ing the numbers of events, munitions, and charges, as
well as the placement of the charges. This information
was critical to our Dugway tests and to the complenon
of a meaningful model.

Eliminating Uncertainty Surrounding the Date
The soldiers indicated that the pit demolition occurred
on 10 March 1991, coincident with the documented
demolition of about 60 bunkers and 40 warehouse
buildings nearby. A 10 March demolition is also sup-
ported by the fact that some of the soldiers involved in
the demolition left for Saudi Arabia on 10 March, as
documented by military records. According to four of
the five soldiers, the event started at 4:15 p.m. local
time (1315Z); one soldier remembers the pit demoli-
tion starting a few minutes after the bunker demoli-
tion. On the basis of these interviews, we assess that
13 stacks were detonated simultaneously in two -
groups of stacks fuzed separately. (See ﬁgure 3 for the
layout of the stacks.)

Troops Working With Limited Amount of
Explosives

On the basis of these interviews, we assess the sol-
diers used about four boxes of US C-4 explosives,
which would have provided 120 charges. All soldiers
indicated that there were insufficient numbers of

(V3]

Why the Limited Explosives Resources?

The operational planning for the demolition of the
main part of the Khamisivah depot—60 bunkers and
40 warehouses—was done in accordance with stan-
dard explosive ordinance disposal (EOD) practices
for the magnitude of the demolition. However, the
rockets in the pit were discovered after most of the
explosives had been allocated for that main demoli-
tion. Hence, the Army personnel had 1o collect ad hoc
resources to conduct the pir demolition. Also, given
the deadlines for departure, the pit demolition could
not be delaved to allow additional explosives to be
delivered. In addition, many EOD personnel were
scheduled to be reassigned to other imporiant facili-
ties. At the time, the military personnel ar Khamisiyah
had not received warnings about chemical weapons
there, and thought they were destroying high-explo-
sive rockets. Such a demolition would not have been
as high a priority as the much larger amount of weap-
ons in the main parr of the facility.

charges to completely destroy the rockets, even with
the anticipated sympathetic detonation of what they
thought were high-explosive warheads. They had to
use Czech detonation cord to complete the demolition.

The interviews indicate that the thoroughness of the
demolition varied by stack. All the soldiers indicated
that the ends of crates were broken out and the charges
were placed inside (although it is possible that some
charges were simply affixed to the crate exterior for
the sake of expediency). They also indicated that the
orientation of the rockets varied—some pointing
toward the embankment, some away. The soldiers’
recollections from this point vary, however. One
stated that charges were placed on the side opposite
the embankment and only on warheads. Another con-
tradxcted that assertion, indicating that the charges
were placed at both ends of the crate with some on
warheads and some on rocket sections. A third soldier

-




Figure 5
Degradation of Combined G-Agent
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are similar, we assess that the ratio when the muni-
tions were blown up in March 1991 was the same as
that sampled in October 1991—3:1. Assuming a con-
servative, exponential degradation of the sar